Objectives: Guidelines for treatment of healthcare-associated pneumonia (HCAP) recommend empirical therapy with broad-spectrum antimicrobials. Our objective was to examine the association between guideline-based therapy (GBT) and outcomes for patients with HCAP.
Introduction
Pneumonia is a common reason for hospital admission in the USA and a leading cause of death. 1 Patients who have frequent contact with the healthcare system have pneumonia outcomes that are worse than patients without such exposures, 2,3 a finding thought to be associated with their increased risk for harbouring resistant organisms. Inadequate antibiotic therapy has been associated with higher mortality, 4,5 and small observational studies in healthcare-associated pneumonia (HCAP) have demonstrated improved outcomes with administration of broad-spectrum antimicrobials. 6, 7 Consequently, the American Thoracic Society (ATS) and IDSA guidelines recommend that initial treatment of HCAP include combination therapy consisting of one agent with activity against MRSA and two agents with activity against Pseudomonas aeruginosa.
8 However, these guidelines are not followed routinely. 9 Moreover, several observational studies have noted increased mortality among patients who received guidelineconcordant therapy. 10 In a large population of HCAP patients, we aimed to evaluate the effectiveness of guideline-based therapy (GBT) compared with other antimicrobial regimens and to identify subgroups of patients with HCAP who received the greatest benefit from GBT.
Patients and methods

Setting and patients
We identified patients discharged between July 2007 and June 2010 from 346 US hospitals that participated in the Premier Alliance. 11 Member hospitals represent all geographical regions and generally reflect US hospitals overall. The Premier database contains sociodemographic information, International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnosis and procedure codes, and hospital and physician information. It also includes a date-stamped log of billed items and services, including diagnostic tests, medications and other treatments. Because the data do not contain identifiable information, the Institutional Review Board at Baystate Medical Center determined that this study did not constitute human subjects research.
We included all patients aged ≥18 years with a principal ICD-9-CM diagnosis of pneumonia or a secondary diagnosis of pneumonia paired with a principal diagnosis of respiratory failure, acute respiratory distress syndrome, respiratory arrest, sepsis or influenza ( Figure S1 , available as Supplementary data at JAC Online). We excluded: transfer patients, because we could not assess initial severity or outcomes; those with length of stay of ≤1 day; patients with cystic fibrosis; those whose attending physician was in a specialty not expected to treat pneumonia (e.g. psychiatry); those with a diagnosis related group inconsistent with pneumonia or a code indicating that the pneumonia was not present on admission; and any patient who did not have a chest radiograph and begin antimicrobials within 48 h of admission. For patients with multiple admissions, one admission was randomly selected.
Patients were designated as having HCAP if they had a diagnosis of end-stage renal disease or haemodialysis in the first 2 hospital days, if they were admitted from a skilled nursing facility or had been discharged from hospital in the past 90 days. We also included patients taking immunosuppressant drugs.
Data elements
For each patient, we extracted age, sex, race, marital and insurance status, comorbidities, tests, medications and treatments associated with severity of illness, as well as the specialty of the attending physician. Comorbidities were identified using Healthcare Cost and Utilization Project Comorbidity Software, version 3.1, based on the work of Elixhauser et al., 12 and by use of medications in the first 2 days of hospitalization. Hospitals were categorized by region (north-east, south, mid-west or west), bed size, setting (urban versus rural) and teaching status.
Antimicrobial treatment and outcome variables
GBT, our main predictor variable, was defined as treatment with an antimicrobial regimen similar to those recommended by the ATS-IDSA guidelines (Table 1 ) begun on hospital day 1 or 2. The guidelines stress the importance of adequate coverage for MRSA and Pseudomonas, but the necessity of routinely using two agents with activity against Pseudomonas is debated. 13 Therefore, patients receiving one antimicrobial active against MRSA and any agent against Pseudomonas were classified as receiving GBT. All others were classified as receiving non-GBT.
Our primary outcome was in-hospital mortality. Secondary outcomes included 7 day mortality, initiation of mechanical ventilation or admission to the ICU after hospital day 2, readmission to hospital within 30 days, cost, length of stay and Clostridium difficile infection (CDI). The latter was defined by ICD-9 code, treatment with metronidazole or oral vancomycin begun after hospital day 3 or readmission within 30 days for C. difficile.
Statistical analysis
Summary statistics are presented as frequencies and proportions for categorical variables and medians with IQRs for continuous variables.
Associations between GBT and patient characteristics were assessed using x 2 tests for categorical variables and using Kruskal-Wallis tests for continuous variables.
We developed a hierarchical logistic regression model for treatment to produce propensity scores for GBT versus non-GBT. The model produced a predicted probability, or propensity for treatment, for each patient. It included all patient and hospital characteristics as well as the individual's predicted mortality based on a previously published mortality model. 14 Multivariable hierarchical regression models 15 were developed to assess the effect of GBT on mortality, all-cause readmission within 30 days, admission to ICU on or after hospital day 3, length of stay, costs and adverse events adjusted for patient characteristics, other early treatments, propensity score and hospital characteristics.
Models with length of stay and costs were trimmed at three standard deviations above mean and natural log-transformed values were modelled to account for extreme skew. SAS software procedure GLIMMIX was used to account for the hierarchical nature of the data (patients clustered within hospital with hospital as a random effect). Logit link models were used for binary outcomes and identity link models were used for continuous outcomes. In addition, we evaluated log-binomial models, Poisson and negative binomial models due to concern that the OR would overestimate the risk ratio for frequent outcomes. Risk ratios were close to ORs; hence we present ORs only.
In additional analyses, we matched each GBT patient based on propensity for GBT with a non-GBT patient. Using conditional logistic regression, we assessed the association between treatment and outcomes, adjusting for factors unbalanced between groups (P, 0.05). Stratified analyses assessed outcomes among quintiles of predicted mortality and for each subcategory of HCAP patient.
Finally, we developed grouped treatment models, an adaptation of instrumental variable analysis, 16 to address the threat of residual confounding by indication. Each patient was assigned a group rate of GBT at the hospital where they were treated. We then applied hierarchical models as described above.
A sensitivity analysis was conducted to explore the effect of a hypothetical unmeasured confounder associated with both GBT and mortality. We varied the prevalence of the unmeasured confounder and hypothesized a range of ORs for mortality for the unmeasured confounder between 1.5 and 3.0, within the range of factors found in our data. Using a method proposed by Lin et al., 17 we explored the combination of prevalence and effect sizes that would be necessary to find that GBT reduced mortality relative to non-GBT.
All tests were two-sided with a significance level of 0.05. All analyses were performed using the Statistical Analysis System (version 9.3, SAS Institute Inc., Cary, NC, USA) and STATA (StataCorp. 2011, Stata Statistical Software: Release 12, College Station, TX, USA: StataCorp LP).
Results
Our final sample included 85 097 patients from 346 hospitals; 31949 (37.5%) patients received GBT. Of those not receiving GBT, 82% received standard therapy for community-acquired pneumonia. Patient characteristics appear in Table 1 and Table S1 . Compared with patients who received non-GBT, those who received GBT were younger and more likely to be male. They had a heavier burden of chronic diseases such as weight loss (10.2% versus 7.0%) or metastatic cancer (4.3% versus 3.4%) and presented with more severe pneumonia as evidenced by more frequent treatment with mechanical ventilation (23.9% versus 7.6%) or vasopressors (25.2% versus 6.5%) in the first 2 hospital days.
Those who received GBT had higher mortality than those who received non-GBT (17.1% versus 7.7%, P,0.001). Adjustment for patient characteristics (including demographics, comorbidities, Rothberg et al. 
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propensity for treatment and treatments in the first 2 hospital days that reflect initial severity of disease) decreased, but did not eliminate, this difference in mortality, with the OR falling from 2.61 to 1.40 ( Figure 1 ). We successfully matched 65.7% of GBT patients with non-GBT patients based on propensity score. Matching balanced all covariates except for minimal differences in peripheral vascular disease and early use of dobutamine and antipsychotics (Table S2 ). In the matched analysis, adjusted for unbalanced covariates, GBT was still associated with higher mortality. Odds of mortality were increased across all quintiles of predicted mortality, but the higher the predicted mortality, the smaller the increased odds of mortality. Hospital rates of GBT ranged from 0% to 87%. In the grouped treatment model, in which the hospital's rate of GBT was used in place of the actual therapy received, the odds of mortality with GBT versus non-GBT therapy fell to 0.93 (0.75 -1.16). Results for 7 day mortality were almost identical (Table 2) . Readmissions followed a pattern similar to mortality for all models, but the magnitude of the effect was smaller. Late ICU admission was slightly higher among the GBT group, even in the grouped treatment model. Adjusted costs and length of stay were also higher with GBT. Figure 2 shows the association between mortality and GBT across HCAP subgroups. The association was strongest for immunosuppressed patients and weakest for patients from skilled nursing facilities or on haemodialysis. The magnitude of the association between mortality and GBT declined with each additional HCAP risk factor.
Patients who received GBT were slightly more likely than those receiving non-GBT to experience CDI, but this result was not statistically significant, OR (95% CI) 1.15 (0.98 -1.35).
Lastly, we assessed how strong a confounder would be necessary to produce the results we observed if concordant therapy actually reduced mortality. A single potential confounder would have to be present in 30% of the GBT patients (and none of the non-GBT patients) and have an OR of 3.0 in order to find a statistically significant benefit to GBT.
Discussion
In this large observational study of patients with HCAP, we found that patients receiving initial therapy based on HCAP guidelines had higher unadjusted mortality than those receiving other antimicrobial combinations. After adjustment for patient factors, Patients discharged alive within 7 days were assumed to survive.
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propensity adjustment and propensity matching, the difference between GBT and non-GBT was diminished, but remained. In contrast, a grouped treatment analysis yielded a non-significant 7% mortality reduction associated with GBT. The same pattern occurred for each subgroup of HCAP patients, regardless of HCAP risk factor. To date, there have been no randomized trials of GBT for HCAP. Several retrospective studies have examined the association between GBT and mortality. The largest examined 15 071 non-critically ill HCAP patients from 150 Veterans' Administration hospitals. 18 In a propensity-adjusted analysis, GBT was associated with increased mortality. Of five smaller studies, 19 -23 only one found that GBT was associated with reduced mortality. 20 One additional study observed increased mortality associated with GBT, but for patients with a probability of a resistant organism .60%, mortality was reduced. 7 Finally, a quality improvement collaborative aimed at increasing GBT in ICUs also found that GBT was associated with increased mortality, although overall mortality did not change significantly after implementation of the collaborative (from 24% to 27%, P ¼ 0.46) despite an increase in GBT from 33% to 47% of cases. 24 We observed that mortality was more than double among patients receiving GBT. One explanation is selection bias due to unmeasured confounders, with physicians reserving GBT for the sickest patients. Indeed, physicians were much more likely to prescribe GBT for critically ill patients. Our grouped treatment model, in which the hospital rate of GBT serves as an instrumental variable, supports this hypothesis, as higher hospital levels of GBT were associated with lower mortality, albeit not statistically so. An alternative explanation is that GBT might harm some patients. Others have postulated that the use of broad-spectrum antimicrobials among patients without MDR pathogens could lead to unnecessary complications, including adverse drug events, development of antimicrobial resistance, superinfections, CDIs and complications of intravenous therapy or prolonged hospital Figure 1 . In-hospital mortality with GBT versus non-GBT. PS, propensity score.
Treatment of healthcare-associated pneumonia 1577 JAC stays. 10, 24 However, it seems unlikely that these factors could explain the 30% higher adjusted mortality that we observed among patients receiving GBT.
Our findings call into question the necessity of treating all HCAP patients with GBT. The guidelines do not differentiate among HCAP patients, but physicians in our study apparently did, reserving broad-spectrum antimicrobials for those at greatest risk. Most patients received non-GBT and had low mortality nonetheless. While inadequate antimicrobial therapy is a risk factor for mortality among severely ill patients, 4, 5, 25, 26 in Europe MDR Gram-negative infections are rare, 13 and additional antimicrobials may not affect outcomes. 27, 28 Rather than identifying exposure to the healthcare system as a risk for MDR organisms, more precise models for identifying at-risk patients could reduce prescribing and improve patient outcomes. 29 Our study has several strengths. First, our sample was more than five times as large as all HCAP studies combined, allowing us to assess the impact of GBT in different subpopulations. We found the same pattern regardless of whether patients had been hospitalized, resided in a nursing home or received haemodialysis.
Our study also has limitations. First, its observational nature precludes demonstration of cause and effect. Second, we worked solely with administrative data and could have missed important confounders. Nevertheless, our results were robust. An unmeasured confounder with a strong association with mortality (i.e. similar to admission to ICU) would have had to be present 30% more often, in absolute terms, among patients treated with GBT to produce the observed differences. ICU admission was present 25% more often, so an unobserved confounder with the properties of ICU admission could not account for the observed differences. Third, we lacked microbiology data and therefore cannot comment on the causative organisms or local resistance patterns. Fourth, we did not strictly speaking evaluate the ATS-IDSA guidelines because patients who received a single agent against Pseudomonas were considered to have received GBT. However, patient characteristics and outcomes were similar between those receiving one or two agents. Additionally, we studied in-hospital mortality; results may have been different with 30 day mortality. Finally, in order to increase specificity, we identified patients based on discharge diagnosis rather than admitting diagnosis. Additional patients may have mistakenly received GBT before a correct diagnosis was made.
Eight years after the appearance of published guidelines for treatment of HCAP, physician compliance remains low. As late as 2010, only 40% of patients with HCAP received GBT. Physicians appeared to reserve GBT for patients at highest risk of mortality and most patients who received non-GBT did well. Overall, we found no evidence that GBT reduced mortality. These findings argue for a more nuanced approach to HCAP, with better tools to identify those patients most likely to benefit from broad-spectrum antimicrobial coverage.
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